Background: Previous studies showed the role of vitamin D (Vit D) on the progression of chronic urticaria. To the best of our knowledge, there are no other results regarding the contribution of single nucleotide polymorphisms (SNPs) in the vitamin D receptor (VDR) and vitamin D binding protein (VDBP) genes in chronic urticaria (CU). Aim: In the present study, we investigated the Vit pathway and the association between VDR and VDBP gene polymorphisms and CU risk in Iranian population. Methods: All participating individuals in the present study were evaluated for serum Vit D and VDBP concentration VDR rs1544410 and rs2228570 and VDBP rs7041using a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis. The associations of studied analytes and three SNPs with clinical and laboratory outcomes were investigated in CU patients. Results: Patients with CU showed lower Vit D compared to controls (19.26 6 1.26 vs. 31.72 6 7.14 ng/ml, P-value ¼ 0.006). There was a significant correlation between Vit D levels and urticaria activity score. Serum VDBP was significantly higher in CU patients than controls (1317.3 6 183.71 vs. 395.77 6 12.96 mg/ml, P-value <0.0001) and had a positive correlation to progression of CU. The A allele of this polymorphism might be a potential risk factor for progression of CU [odds ratio 4.3434, 95% confidence interval (1.7331-10.8852), Z-statistic ¼ 3.133, P-value ¼ 0.0017]. Conclusion: In summary, this study demonstrated that change in Vit D pathway in the level of gene or protein may be a risk factor for progression of CU.
Introduction
Chronic urticaria (CU) is identified as the recurring urticarial episodes that are lasting for at least 6 weeks. 1 The most important etiological factors for progress of CU are foods, drugs, aeroallergens, infections, contact allergens and autoantibodies to the IgE. 2, 3 It has been revealed that 1,25-dihydroxycholecalciferol or 1,25-dihydroxyvitamin D3 (Vit D) has potential immunomodulatory activity and can determine the allergic disease severity 4 by impact on modulation of several immune cell system especially mast cells. 5, 6 Previous studies showed the possible role of Vit D in various chronic diseases such as infectious diseases, 7 malignancies, 8 autoimmune diseases and allergic disease, 9,10 including atopic dermatitis 11 and asthma. 12 The causal rule of Vit D insufficiency in allergic diseases has been previously shown by several studies. [9] [10] [11] The direct association between Vit D insufficiency and allergic disorders might be discussed by this fact that Vit D is essential for proliferation, survival, differentiation and function of immune systems cells. 13 Previous studies emphasized the protective role of Vit D on development of allergic symptoms. Especially in the case of chronic urticarial (CU), it was revealed that serum Vit D significantly decreased in patients with urticaria compared to healthy subjects. 14, 15 Significant decline in serum Vit D was also newly reported in patients with acute urticaria. 16 In a meta-analysis study on 547 urticaria cases and 517 controls, Wang et al. demonstrated that patients with urticaria had lower level of Vit D compared with healthy controls. They also showed that Vit D deficiency (not Vit D insufficiency) may be considered as potential risk factor for progression of urticaria [odds ratio (OR) 4.09, confidence interval (95% CI) 1.32-12.73)]. 17 In addition, previous studies also showed the potential role of Vit D supplementation on the improvement of allergic symptoms in CU patients with low serum Vit D. 6, 18, 19 However, there are some literature with conflicting results with regards to the association between Vit D and allergic diseases. [20] [21] [22] Vit D insufficiency could play a causal rule in progression of allergic disease based on the studied population and the age of subjects. Besides, these contradictory data could be explained by variations in the proteins involved in the Vit D metabolism and function pathway. Vitamin D binding protein (VDBP) and vitamin D receptor (VDR) are two important proteins need for correct performance of Vit D. VDBP is the main Vit D carrier protein in the circulation and increased binding form of Vit D with VDBP can cause lower bioavailability of this vitamin in target organs. 23, 24 In contrast, low levels of VDBP, even in the absent of sufficient Vit D, may reverse adverse effects of low Vit D. 25 There are three different allele of VDBP in the serum that highly diverse in concentration and affinity to Vit D and distinguish by genetic polymorphism in the gene encoding VDBP named as group-specific component (GC). 25 Among all GC gene single nucleotide polymorphisms (SNPs), polymorphism in exon 11 (g57904T>G; rs7041, p.Asp432Glu) is one of the most attractive genetic variation and has been reported to be associated with greater change in VDBP concentration. 26 It has been shown that the frequencies of T or G allele of rs7041 highly change by race. Previous studies showed that the frequency of TT genotype in Asian people is higher than Caucasian people, so the concentration of VDBP is lower and as a result the bioavailability of Vit D is higher in Asian populations. 26, 27 The other main protein involve in Vit D pathway is VDR which form a heterodimers with retinoid X receptor (RXR) and together with Vit D interact with DNA to initiate epigenetic modification of chromatin and transcription of specific genes. 28, 29 VDR is one of the nuclear receptor superfamily members located in the chromosome 12q13 region. The human VDR gene is located on chromosome 12 and contains 8 exons that produce a 427 amino acid polypeptide. 30 Biological activity of Vit D is applied by interaction with VDR and polymorphism in VDR gene may result in alteration in VDR function and Vit D action. 31 With regards to VDR gene polymorphism, rs1544410 and rs2228570 are frequently studied SNPs in association with allergic diseases and highly altered the VDR. 32 The concurrent association between VDBP and VDR with progression of allergic disorders especially CU is not understood well. Besides, the associations between VDR and VDBP polymorphisms with allergic disorders are much controverted 31 and to the best of our knowledge, there is no other study with regard to the association between VDR and VDBP polymorphisms with CU. Hence, in the present study we aimed to compare the serum Vit D and VDBP concentrations in patients with CU and healthy subjects. Besides, the present study attempts to assess the potential role of VDR rs1544410 and rs2228570 and VDBP rs7041 SNPs on risk of disease and clinical outcomes in a Kurdish population with CU. The inclusion criteria were presence of urticaria symptoms for at least 6 weeks, score 10 for weekly 5-day score, IgE between 30 and 700 IU/ml, body weight from 25 to 100 kg. The main causes of CU including drug, food, infection, neoplastic or systemic disorders and patients with exercise-related urticaria, physical urticaria, urticarial vasculitis and angioedema were used as the exclusion criteria in the study. The patients received antihistamines therapy and also those who treated with systemic steroids or immunosuppressive medicine during 3 months before beginning the sampling were excluded from the study. The patients with a history of other co-morbidities including kidney or liver diseases, hypertension, Duhring's disease, mast cell tumors, diabetes and calcium disorders were also excluded. A questionnaire form contains history, the clinical findings and exacerbating factors was completed for each patients. Evaluation of disease severity was calculated by Urticaria Activity Score (UAS) and autoimmune nature of urticaria was carried out using Autologous Serum Skin Test (ASST). All individuals were from Kurdistan, a province in western Iran with a population consisting of Kurds. Written informed consent was obtained from all patients and the study was approved by the ethics committee of Kurdistan University of Medical Sciences.
Material and methods

Study population
Measurement of total serum IgE, Vit D and VDBP concentration
Venous blood samples were obtained and immediately centrifuged, and then serum was separated and frozen at À20 C until assayed. Serum levels of Vit D and VDBP were measured with specific enzyme-linked immunosorbent (ELISA) assay from Monobind Inc. (Lake Forest, CA 92630, USA) and (BioVendor, Czechia), respectively. The concentration of serum IgE, Vit D and VDBP were expressed as IU/ml, ng/ml and mg/ml, respectively.
PCR-RFLP analysis: DNA extracted from whole blood samples according to our previous studies. [35] [36] [37] [38] In brief, after incubation of blood samples with lysis buffer DNA selectively precipitated. The insoluble DNA has washed and desalted by wash buffer, and it was stored at À20 C pending simultaneous analysis.
The VDR rs1544410 and rs2228570 and VDBP rs7041 SNPs were identified using PCR restriction fragment length polymorphism. The PCR reactions were performed in a final volume of 25 ll using PCR Master Mix kit (CinnaGen Inc, Tehran, Iran), 10 pmol of each primer with final concentration of 400 nM and 100 ng DNA. The primers that were used for PCR reactions are shown in Table 1 . The PCR conditions was: 5 min at 95 C (initial denaturation), followed by 35cycles of 94 C for 30 s (denaturation) and annealing for 30 s and 72 C for 30 s using an Eppendorf
Mastercycler (Eppendorf AG, Hamburg, Germany). In each PCR run, samples with no DNA template were used as negative controls. Amplified DNA fragments were cut by restriction enzymes purchased from Fermentas (Fermentas, Thermo Fisher Scientific, Inc., Waltham, USA) according to manufacture instruction. The genotypes were identified by electrophoresis of DNA fragments generated after digestion. Table 1 shows the enzymes were used for RFLP and the interpretation of RFLP results.
Statistical analysis
Statistical analyses were performed using SPSS 16 (SPSS Inc., Chicago, USA). The chi-squared test was employed to evaluate whether the alleles or genotype frequencies differ between cases and controls. For 2Â2 contingency tables, the OR and its 95% CI were calculated to determine if the association was statistically significant at nominal 5% level. Since holding the normality assumption is crucial when testing hypothesis, the non-parametric one Sample Kolmogorov-Smirnov test was applied to determine this assumption. Results were presented as mean 6 SEM if normality assumption met. Comparison of the possible differences between studied groups were done by the independent samples T test or Mann-Whitney statistical tests. One Way ANOVA followed by the post hoc, Tukey and Dunnett tests were used to analyse mean differences between more than two groups. If normality assumption was violated, the Kruskal-Wallis test was used instead. The association between two variables was calculated using the Spearman correlation coefficient. In all performed hypothesis tests, a P-value <0.05 was considered as statistically significant.
Results
Demographic and clinical characteristics
The demographic and laboratory parameters of both patients and control group enrolled in this study were summarized in Table 2 . The demographic data included age and gender, and the clinical and laboratory parameters included ASST, UAS, Vit D, VDBP, total IgE and Ca concentration. ASST results were positive in 46.6% of the patients with CU. Mean 6 SEM for UAS score in patients was 27.33 6 1.29. Serum total IgE level (104.28 6 7.75 vs. 64.47 6 4.03 IU/ml, P-value <0.05) was also higher in CU patients compared to controls. Serum total IgE had an indirect significant correlation with ASST and UAS (Spearman's q ¼ 0.27, P-value ¼ 0.083). In addition, ASST had a significant direct correlation with UAS (Spearman's q ¼ 0.735, P-value <0.0001) and an indirect correlation with Ca (Spearman's q ¼ À0.373, P-value <0.0001). There were not any significant differences between 
Serum Vit D and VDBP
Vit D was significantly lower in CU patients compared to controls. Mean 6 SEM serum Vit D was 19.26 6 1.26 ng/ml for subjects vs. 31.72 6 7.14 ng/ml for controls (P-value ¼ 0.006) ( Table 2 ). Vit D deficiency or insufficiency was seen in 58.02% of the subjects with CU and 48.89% of the healthy controls. Decreased level of serum Vit D was significantly associated with increased susceptibility to CU (Spearman's q ¼ À0.197, P-value ¼ 0.027). There was not any significant difference in Vit D levels between male and female patients (P-value ¼ 0.087) (Figure 1a ). Serum Vit D was not significantly different between case and controls for female subjects, but males with CU had lower Vit D (29.52 6 6.4 ng/ml) compared to controls (40.16 6 17.01 ng/ml) (P-value <0.05) (Figure 1b ). In addition, there was not any significant association between serum Vit D and the age of studied subjects (P-value ¼ 0.215). We found an indirect significant correlation between Vit D with ASST (Spearman's q ¼ À0.615, P-value <0.001) and UAS (Spearman's q ¼ À0.488, P-value ¼ 0.001) and also a direct strong correlation with serum Ca concentration (Spearman's q ¼ 0.92, P-value <0.0001) and a direct but NOT significant correlation with serum total IgE (Spearman's q ¼ 0.270, P-value ¼ 0.083) (Figure 2a-d) .
We also measured serum VDBP in both case and control groups. CU patients had higher (1317.3 6 183.71 mg/ml) VDBP when compared to healthy subjects (395.77 6 12.96 mg/ml) ( Table  2 ). As shown in Table 2 , a noticeable increase in serum VDBP was observed in CU patients compared to controls (P-value <0.0001). Increased levels of serum VDBP had a significant correlation with progression of CU (Spearman's q ¼ 0.426, P-value ¼ 0.01). In addition, the difference between males and females with regard to VDBP was not significant (1129.7 6 236.75 vs. 933.33 6 148.95 ng/ml) (P-value ¼ 0.462). Furthermore, we could find a significant association between serum VDBP and the age of studied subjects (Spearman's q ¼ À0.215, P-value ¼ 0.02). Besides, our data showed that Vit D concentration had an indirect, but NOT STRONG, significant correlation with VDBP (Spearman's q ¼ À0.371, P-value ¼ 0.049). Serum VDBP had no significant correlation with clinical and laboratory findings including ASST, UAS, serum total IgE and total Ca concentration (data not shown).
Genotype analysis
We determined the frequencies of VDR rs1544410 and rs2228570 and VDBP rs7041 SNPs in all 110 CU patients as well as in healthy control subjects (Table 3) .
The VDR rs1544410 SNP in patient and control groups had no significant deviation from a Hardy-Weinberg distribution Figure 1 . Serum Vit D in males and females. (a) Serum Vit D levels (in ng/ml unit) are indicated as a block value was in a higher concentration (29.53 6 6.42 ng/ml) for the male group and decreasing concentration to 20.00 6 1.66 ng/ml for females with a non-significant P-value ¼ 0.087 for their difference. (b) According to the plot, serum Vit D has no significant differences (P-value ¼ 0.340) between males (26.99 6 6.9 ng/ml) and females (26.08 6 3.83 ng/ml) in CU patients. The difference between Vit D concentration in controls for males (40.17 6 17.01 ng/ml) and females (34.04 6 10.38 ng/ml) was not also significant (P-value ¼ 0.555). Serum Vit D in female subjects has also no significant difference, but there was a significant difference between male subjects in patient and control groups and also male subjects in controls with females in patient group (P-value <0.05).
(P-value >0.05). As shown in Table 3 , the frequency of the AA genotype of rs1544410 was higher in CU patients than in controls (39.09% vs. 9.99%, P-value <0.0001). Besides, the homozygous AA genotype of VDR rs1544410 was statistically associated with the progression of CU when compared to GA genotype [OR 4.3434, 95% CI (1.7331-10.8852), Z-statistic ¼ 3.133, P-value ¼ 0.0017]. In addition, subjects carrying A allele (61 patients compared to 46 healthy subjects) were associated with a higher risk to develop CU when compared to the G allele carriers (39 patients compared to 54 healthy controls) [OR 1.8361, 95% CI (1.0464-3.2217), Z-statistic¼ 2.118, P-value ¼ 0.0342]. However, we could not find any other association between this SNP with clinical and laboratory findings of studied subjects. ANOVA analysis showed that there were not any significant differences between VDR rs1544410 genotypes for serum Vit D, VDBP and total IgE concentration and also ASST and UAS scores (data not shown). However, we found that subjects with AA genotype had lower serum total Ca concentration compared to GG genotype (but NOT FOR GA genotype) (8.76 6 0.17 vs. 9.62 6 0.31 mg/dl, P-value ¼ 0.013) (Figure 3) .
Genotype distribution for controls, but not for patients, were in agreement with Hardy-Weinberg equilibrium for VDR rs2228570 polymorphism (P-value >0.05). The CC genotype of VDR rs2228570 SNP was significantly higher in both patients and controls (58.18 and 49.1%, respectively) compared to TT genotype (4.55 and 5.45%) (P-value <0.0001). Attractively, we found that the frequency of carriers of Thr allele (CC and CT genotypes) at position g.30920 of the VDR gene was significantly increased in healthy (72% vs. 28%, P-value <0.0001) and case (77% vs. 23%, P-value <0.0001) subjects as compared to Met allele (TT and CT genotypes). Furthermore, our data revealed that, the VDR rs2228570 had no significant association with risk of CU progression (P-value >0.05). No associations were found between VDR p.Met1Thr SNP with clinical and laboratory features including serum Vit D, VDBP, IgE, Ca and also ASST and UAS (data not shown).
Genotype distribution for patients and controls (P-value >0.05) were also in agreement with the Hardy-Weinberg equilibrium for VDBP rs7041 SNP. There were not any significant differences for genotypes and allele frequency between patients and controls (Table 3 ). In addition, we could not find any correlation between VDBP rs7041 and progression of CU. Moreover, there was not a significant correlation between rs7041 and Vit D deficiency and insufficiency and there was not any correlation between this SNP and serum VDBP concentration (P-value >0.05). Like other studied SNPs in VDR gene, there were not any significant association between VDBP rs7041 SNP and clinical and laboratory findings.
Discussion
In the present study, we showed that serum Vit D decreased in CU patients compared to healthy subjects. Our results also indicated that VDBP is significantly higher in CU patients than controls. In addition, we found that VDR rs1544410 polymorphism is significant determinant of CU risk in Kurdish population. Our data also revealed that Vit D is not considered as a potential risk factor for development of CU; however, we found that VDBP has a significant positive effect on progression of CU. On the other hands, we found that VDR rs2228570 and VDBP rs7041 SNPs had no statistically significant correlation with development of CU. To the best of our knowledge, this is the first study to evaluate the VDBP and VDR in CU patients.
Vit D directly effect on the regulation of immune system health and low Vit D is an important factor in development of allergic disorders. The role of Vit D on inflammatory pathways applying by VDR expression in various immune cells such as B cells, T cells, dendritic cells and macrophages. 39, 40 Most of these cells can locally produce the active form of Vit D via expression of CYP27B, and this mechanism enabled them to rapidly increased the level of Vit D potentially needed for regulation of immune response. 10 Vit D can impact the pattern of immune activity by inhibition of Th1 and Th2 immune responses via suppressing the production of IL-12 generated IFN-c and also IL-4 and IL-4-induced expression of IL-13. 41 However, there are some contradictory studies that do not support this hypothesis; for example, Ozkara et al. 42 showed that there is a negative correlation between serum Vit D with IgE and IL-4. With regard to CU, decline in serum level of Vit D in patients compared to controls has been revealed in previous studies. 4, [14] [15] [16] [17] 19, 43, 44 In line with previous studies, our data showed that serum Vit D is decreased in CU patients compared with healthy controls. On the other hand, there are some contradictory results which showed no significant association between serum Vit D and risk of allergic disorders. Although lower levels of serum Vit D were reported in Yao et al. 21 and Weisse et al. 22 studies, but they did not find any association between decline in Vit D and urticaria. Wu et al. 20 study is a unique report in this issue, because in contrast to previous studies, they found higher levels of serum Vit D in patients with CU compared to controls. Although decreased Vit D concentration in CU patients has been well established in many studies, but the association of Vit D level with the severity of disease is not proven yet. 44 The most likely explanation for these results is derived from variation in the baseline Vit D status, the duration of decline in Vit D concentration 10 and changes in Vit D axis including Vit D, VDBP and VDR. VDBP is not only a Vit D carrier but is also an immunomodulatory protein that may be related to inflammation process. 45 It seems that low level of Vit D can develop the allergic disease even in the population with low VDBP levels. It can be explained by genetic variations in VDBP gene. 26 Binding form of Vit D to VDBP has lower bioavailability in target tissues. 25 Moreover, increase VDBP-bound vit D is highly associated with decrease in Vit D function indicators. 24 On the other hand, decreased levels of VDBP, even in the low Vit D concentration, may reverse the adverse effects of apparently low serum Vit D. 25 To the best of our knowledge, the present study is the first study that evaluates VDBP in patients with CU. Our study clearly showed that VDBP is increased in CU patients compared to controls. However, genotype analysis for VDBP rs7041 SNP revealed that this SNP was not a potential risk factor Data are presented as number (%). According to the table, the frequency of the AA genotype of VDR rs1544410 was higher in CU patients than in controls. In addition, subjects carrying A allele were associated with a higher risk to develop CU when compared to the G allele carriers (P-value ¼ 0.0342). for progression of CU in our studied population. In a Canadian cohort study, VDBP rs7041 SNP was associated with higher concentration of serum VDBP and increased binding affinity to Vit D. 46 In contrast, Mostowska et al. 47 did not find any correlation between rs7041 and progression of disease. In the current study, no associations were observed between the rs7041 SNP with progression of CU and concentration of VDBP. We also evaluate the VDR rs1544410 and rs2228570 SNPs in studied population. VDR rs2228570 (g.30920T>C) is located on the long arm of chromosome 12 (12q13.1) and change the start codon Met (ATG) to Thr (ACG). Alteration in start codon may lead to different activity in shorter protein (424 aa) compared to longer VDR protein (427 aa). 32 We did not observe any significant association between VDR rs2228570 gene polymorphism and CU progression risk. To the best of our knowledge, there is not any other study regarding the relationship between VDR rs1544410 polymorphism and CU so far. It is well known that SNPs in the VDR gene highly change VDR expression and activity. 32 The results of our study showed the impacts of AA genotype with occurrence of CU. Individuals with AA genotype were found to be at increased risk to develop CU. Previous studies showed the association of G allele of VDR rs1544410 SNP with increased risk of asthma and atopy. 48 There are also too many studies that revealed the potential role of G allele of this polymorphism with risk of different diseases including high bone-mass density, 49 sporadic hyperparathyroidism. 50 On the other hand, some studies revealed that A allele of VDR G63980A SNP is a risk factor for fast acquired immunodeficiency syndrome progression 51 and type 1 diabetes risk and acute-onset type 1 diabetes. 52 Poon et al. 48 revealed that VDR rs1544410 SNP is a regulatory polymorphism involved in immune-mediated diseases.
Although it was well known that VDBP is stable in adulthood over the period of 1-3 years and its seasonal changes are negligible, 53, 54 but one potential limitation in our study is that serum Vit D and VDBP measured in a single blood sample collected and this sampling may not reflect typical concentrations over time. Strengths of our study included measurement of VDBP concentration along with Vit D and polymorphism analysis. Previous studies did not evaluate VDBP and VDR in CU patients; however, there are too many investigations which assessed the association of Vit D with urticaria. So to the best of our knowledge, our study is the first study evaluated the VDBP and VDR at the level of protein and gene in CU patients. Limitations include the lack of study of the others most important polymorphism in VDR and VDBP genes, which is an important area for future researches. In summary, we identified a strong association between decrease of Vit D, increased VDBP and also genetic variations at the VDR 63980 locus and CU in a Kurdish population. Along with other known CU risk factors identified such as foods, drugs, aeroallergens, infections, contact allergens and autoantibodies to the IgE, the addition of Vit D pathway involvement in the understanding of CU pathogenesis will shed light for better control and treatment.
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